Do we challenge students enough? Model Solar vehicle project challenges potential engineers. by Wellington, Paul et al.
          Deakin Research Online 
 
This is the published version:  
 
Wellington, Paul, DiPilla, Janet and Jobling, Wendy 2006, Do we challenge students enough? 
Model Solar vehicle project challenges potential engineers., in Proceedings of the 17th 
Annual Conference of the Australasian Association for Engineering Education: Creativity, 
Challenge, Change; Partnerships in Engineering Education, Australasian Association for 
Engineering Education, [Auckland, N.Z.], pp. 778-787. 
 




Reproduced with the kind permission of the copyright owner.  
 
Copyright : 2006, Australasian Association for Engineering Education 
Do we challenge students enough? Model solar vehicle project 

















Abstract: A major challenge to Australia and New Zealand is the perceived need to 
develop “knowledge economies” based on the expertise of university graduates, 
especially engineers. However, many countries are finding less students are choosing to 
study engineering. At the same time, there is increasing concern about increased levels 
of greenhouse gases leading to global warming with species loss, rising sea levels and 
desertification being likely outcomes. Numerous competitions have been established 
aimed at attracting school students into science and engineering careers. Environmental 
groups have also sponsored educational activities to increase student awareness of 
alternative energy technologies. One activity which provides both a science and 
engineering challenge while also raising awareness of alternative energy and more 
efficient conversion of that energy for transport is the Model Solar Vehicle Challenge 
(MSVC). The Challenge, which provides a solar powered boat competition for younger 
students and a car race for the older ones, has involved thousands of Victorian school 
students since 1990 and students from all Australian states since 1993. Boats race in 2 
or 3 lanes guided by an overhead wire in a 10 metre pool, and cars race 100 metres 
around a figure 8 track. Top boats average over 7 kph and cars reach speeds of 25 kph 
at the finish line. This paper will discuss the conduct of the Challenge, motivation of 
participants, the depth of learning which can be achieved and the effectiveness of the 
Challenge in encouraging students to continue with science subjects through school and 
to select engineering at university. It will also briefly discuss the lessons that can be 
learnt from the MSVC and applied to first year university courses. 
 





Batterham (2001) perceived that innovation is increasingly important in keeping Australia 
economically competitive, and that well educated engineers are essential to meeting that goal. 
Thus, he advocated more students be attracted to study engineering. Strategies being used 
include a variety of scientific competitions such as Science Talent Search, and engineering 
competitions including Eng Quest, RoboCup, F1 cars, etc. At the same time, the increasing 
concern about use of fossil fuels for power generation and transport has prompted alternative 
technology and renewable energy organizations to mount activities such as developing solar 
cookers and solar powered pumps to interest and involve students in environmental issues. 
 
The concept of a Model Solar Vehicle Challenge aims to address these two concerns. The 
idea of racing model solar powered cars developed from the first World Solar Challenge 
(WSC) in 1987, a race for solar powered cars 3000km from Darwin across Australia to 
Adelaide. The student enthusiasm and educational benefits apparent from that event, 
prompted the development in 1990 of the Model Solar Car Challenge in Victoria which 
required far less time and money than the WSC, but maintained the emphasis on developing a 
renewably powered vehicle requiring similar design, construction, testing and teamwork 
along with the motivation of a competition. The Victorian concept was adopted in other 
Australian states by 1993 leading to an Australian – International Model Solar Car Challenge 
(AIMSCC) for state finalists and international entries. In 1994, concerns that younger students 
could not share a similar solar related learning experience prompted the development of a 
technically simpler boat competition for primary students. This simpler event requires shorter 
time commitment, cheaper equipment and less sophistication in assembly than the cars.  
 
This paper will outline the objectives, identify those aspects which motivate students, 
consider the learning outcomes and discuss the effectiveness of the event in attracting students 
to subsequently study engineering or at least maintain enrolment in necessary perquisites.   
 
 
Engineers of the Future 
 
Numerous engineering educators have identified areas in which current engineers are thought 
to be deficient. The Institution of Engineers, Australia (1996) advocated cultural change in 
engineering education putting greater emphasis on environmental and sustainability issues 
and to develop enhanced team, communication and leadership skills. To achieve such 
changes, it has been proposed that engineering courses need to attract more diverse students.  
Wearne (2004) found that graduate engineers required high levels of generic skills but were 
poorly prepared by tertiary courses. If universities are to attract not only more engineering 
students but those with broader personal and interpersonal skills and greater environmental 
awareness, new approaches to attracting school leavers into engineering should be sought. 
 
Banky and Wong (2005) pointed out the minimal experience many current students have to 
build on, but appropriate experience could be developed by hands on first year projects. 
 
The University of Aalborg implemented a problem based learning (PBL) approach for their 
whole course structure in 1974. Fink (1999) stated that “students prefer real life engineering 
problems compared to hypothetical, academic problems from professors” and went on to 
identify the very high levels of motivation the program generated.  
 
Crawley (2001) has advocated the development of engineering curricula based on the CDIO 
model (conceive-design-implement-operate) which focuses on “the job of engineers to be able 
to engineer”, using both engineering science and reasoning skills and also design, personal, 
professional and interpersonal skills “in the Enterprise and Societal Context”. The CDIO 
initiative is now in operation at many prestigious universities including Cambridge, MIT and 
more recently Sydney. 
The School of Engineering at the University of Manchester (2004) restructured their course in 
2001 to give students extensive project experience throughout the four years through a PBL 
process. They found that “Observations from staff indicate that after completing the first year 
of PBL, the students are more confident of their own abilities, better able to work in a team, 
keener to learn and have a greater understanding of the practical aspects of engineering. It is 
anticipated that the programs will produce motivated, enthusiastic students who are familiar 
with the roles and responsibilities of professional engineers.” The PBL approach also led to 
higher pass and retention rates.  
 
Science and Engineering Competitions 
 
There are many science and technology programs aimed at attracting students into science or 
engineering. The UK Advisory Group on Strategically Important and Vulnerable Subjects 
(2004) has established that a significant problem with attracting prospective engineers is that 
too few are enthusiastic to take higher level maths at school. Hence, student competitions 
must alert students to the relevance of science and maths, encourage them to take the 
appropriate pre-requisites, and then present engineering as an appealing career.  
 
Science competitions which do much to maintain that interest in science include Science 
Talent Search (2006), and various university summer schools such as the Siemens Science 
Experience and the National Youth Science Forum at ANU. 
 
Similarly, there are a variety of engineering recruiting techniques, often involving design and 
build competitions. RoboCupJunior (2005) “provides an exciting introduction to the field of 
robotics, a new way to develop technical abilities through hands-on experience with 
electronics, hardware and software, and a highly motivating opportunity to learn about 
teamwork while sharing technology with friends.” Another robotics competition, Robowars is 
claimed by Paulin (2003) to be “the ultimate "boys toys" sport, at the same time as being one 
of the most intense engineering challenges and learning experiences you can find.” Bray 
(2005) discussed the F1 Challenge focusing on Computer Aided Design of a racing car 
powered at high speed by exhausting a pressurized carbon dioxide cylinder. Models are 
machined by a Computer Aided Manufacturing process and can be wind tunnel tested.   
 
Kryger (2005) outlined the Engquest program involving  simple design, build and document 
projects for primary schools and Fityus (2005) described the highly successful Science and 
Engineering Challenge based at the University of Newcastle, in which students work on a 
variety of team problems over 1 or 2 days such as building airships, boats, catapaults and 
ridges.  b 
The Solar Schools –Brighter Futures program of the International Solar Energy Society 
(ISES) involves schools incorporating solar, wind or other renewable energy sources and 
students develop solar powered products or systems such as mini-hydro generators and solar 
reflecting cookers along with school focused publications and videos.  
 
Hence, there are a number of active learning programs available to school students aimed at 
providing the learning and motivation to continue to engineering, but few have environmental 
implications. The ISES competition provides such a focus but perhaps lacks the same level of 
motivation for many students that some of the other competition oriented projects do. It is this 
area that the MSVC has attempted to address. 
 
Objectives of the Model Solar Vehicle Challenge. 
 
 The main objectives are to  
• Provide motivation for students to use their science and technology knowledge to address 
a real social issue – use of non-polluting power for transport,  
• Learn to carry out experiments to determine factors which effect vehicle efficiency, 
• Develop team skills to produce a functional product, 
• Learn to work within the regulations, 
• Learn to construct, test and optimize performance with limited time and resources, 
• Achieve at a level appropriate for each team and student – most new participants are 
satisfied with a car which goes, while the more experienced compete to represent the state. 
• Develop insight into applying scientific principles to engineering, thus opening up 
potential long term careers.  
• Develop real problem solving skills. 
• Learn from each other – both in discussion but also by observation of other designs. 
• Share their achievement with team-mates, parents, friends and relations. 
• Attract more girls into science and engineering. 
 
 
Educational rationale underpinning the MSVC. 
 
Ritchie (1995) quoted Piaget who said “I’m told and I forget; I see and I remember; I do and I 
understand”. The purpose of the Model Solar Vehicle Challenge (MSVC) is to create an 
opportunity for students to understand solar energy and design for efficiency by gaining hands 
on experience through a motivating project. It is hoped that familiarity with photovoltaics and 
an understanding of energy losses, will lead to increased interest in sustainable engineering. 
 
 
Application of Learning Theories to the MSVC. 
 
Ritchie(1995) identified the key elements of design, manufacture and evaluation in learning 
“Technology”. He proposed a constructivist perspective which identified the importance of 
building on prior knowledge, restructuring students’ perspectives through learning new skills 
and applying them to design, making and evaluating a product. While many products, 
especially at primary level are simple, the authors contend that students can far exceed the 
expectations of teachers and parents if sufficiently motivated. This has been proved by year 6 
students from Syndal South Primary School in Victoria winning the state event in 2006. 
Accusations of excessive adult help are dispelled both by their responses when interviewed on 
raceday, as well as an independent 45 minute interview with the presenting author in which 
their understanding of the effect of transport on climate warming was excellent.  
 
Klainin (1989) identified that practical experience is central to cognitive development, 
creative thinking and problem solving, along with developing practical skills and promoting 
positive attitudes and interest and that real learning is only successful if supported by students 
having intrinsic motivation. Too often practical experience has been interpreted by science 
teachers as carrying out predetermined experiments to gain known answers. Volet and 
Jarvella (2001) pointed out that this approach when applied in no specific context fails to 
capture the interest of many students, who see little point in “reinventing the wheel” to learn 
what is more easily learnt from a book.  
 
Relevance of the MSVC to the Curriculum 
  
The new Victorian Essential Learning Standards (VELS) (2005) strand of Interdisciplinary 
Learning includes four domains that directly relate to the MSVC: Communication, Design, 
Creativity, and Technology (with links to Engineering); Information and Communications 
Technology (ICT) which relates to students researching information for use in their MSV and 
in producing their poster and or web site, and finally Thinking with its dimensions of 
reasoning, processing and inquiry, creativity and reflection, evaluation and meta-cognition.  
 
In his book Teaching Complex Thinking Pohl (2000) describes critical thinking as part of 
thought processes such as decision making, formulating questions for inquiry, problem 
solving and metacognition or thinking about our own thinking. Many higher order thinking 
skills described by Pohl, are encapsulated in the thinking students need to develop and use 
during the life of a MSVC. These skills are invaluable to students who are aiming to go into 
engineering based careers and teaching these can begin effectively at the primary level.  
 
Planning is an essential thinking skill and motivation for building a repertoire of skills in this 
area is provided by the need to organise and manage the materials to be used in building a 
MSV. Time management is essential due to a definite completion date for all aspects of the 
project. Interspersed with all of this is the need for the development and application of  
interpersonal skills to enable a group of individuals to blend their skills to achieve a common 
goal. 
 
During the project students must consider problems that arise and think about how to solve 
these, again involving complex and flexible thinking. Hypothesising and testing ideas is also 
inherent in the whole process whether in evaluating materials or an assembled chassis. 
 
The MSVC aligns well with the eight SIS components (School Innovation in Science) with 
the PoLT (Principles of Learning and Teaching) and with the components of effective 
teaching in Technology. The components of SIS can be summarized : 
1. The learning environment encourages active engagement with ideas and evidence 
2. Students are challenged to develop meaningful understandings 
3. Science is linked with students’ lives and interests 
4. Students’ individual learning needs are catered for 
5. Assessment is embedded within the science learning strategy 
6. The nature of science is represented in its various aspects 
7. The classroom is linked with the broader community  
8. Learning technologies are exploited for their learning potentialities 
 
Many schools utilise integrated units, PBL, student centered learning or inquiry approaches to 
combine a number of learning areas in a single theme. These units often involve students 
working in teams to investigate a shared topic and usually continue over a number of lessons. 
In these settings, or as co-curricula activities, the MSVC provides an excellent topic for 
investigation. The various elements of the MSVC (boat, car, poster, interview and team 
uniform) together with the open-ended structure provides for different levels of knowledge 
and expertise between the students and allows for differentiation of student’s learning so that 
team members can contribute to the project in ways that reflect their skills and diverse 
learning and thinking styles. It allows students to ask their own questions, research the 
answers in their own ways and uses transferable skills. (Barell, et al; 2004). 
 
Student motivation  
 
Through outside-school tinkering, boys traditionally come into the science class with a greater 
practical background than girls. This enables boys to be more confident with equipment and 
practical activities and have a higher self-esteem in science. This self-confidence is important 
in establishing motivation and a positive academic self image Fennema and Leder, (1990), 
and is important when students are making subject choices. (Griffiths, 1993), (Ainley, 1993). 
Girls are described as being more concerned about people and the environment (Blatchford, 
1992) and it is this interest that can be the catalyst for girls making model solar boats and 
cars. Fensham (1989) highlighted the socio-political context of science education and the 
increasing emphasis of designing learning experiences based on topics of social concern. The 
What School Kids Want survey (Zyngier, 2004) clearly expressed that students wanted a 
curriculum that tackled community and social issues. Experience with solar energy at school 
helps develop an ongoing positive attitude to solar energy to address environmental concerns. 
 
Mark and Osborne (2000) highlighted the depth of learning where students take ownership of 
the investigative process in open ended projects. They also identified that peer pressure often 
discourages brighter students, especially boys, from wanting to stand out from the group 
either in terms of ability or hard work. However, these constraints do not apply to sporting 
competitions and sporting identities are heroes for most boys. Hence there is unlikely to be a 
social stigma to trying hard when developing a vehicle for a competition where there is 
substantial kudos from other students, even other schools, for those who excel. Senior staff at 
Victoria’s Box Hill High School have stated that their top MSVC teams are role models for 
many other students, more of whom desire to participate than can be accommodated. 
 
Murray (1938) identified 20 needs which students wish to satisfy including Achievement, 
Affiliation, Autonomy, Counteraction (trying again to make up for prior failure), Dominance 
(of one’s environment), Exhibition, Order, Play and Understanding, all of which the MSVC 
aims to address. Pintrich and Schunk (1996) built on these needs highlighting the importance 
of motivation and high levels of achievement which groups can attain, along with meeting 
affiliation needs, going on to emphasize the importance of activities which require students to: 
• Foster a preference for a challenge rather than easy work 
• Develop an incentive to satisfy interests and curiosity rather than to please the teacher 
and obtain good grades 
• Encourage independent mastery attempts rather than dependence on the teacher 
• Need exercise of independent judgement rather than relying on the teacher  
• Determine their own criteria for success rather than apply external criteria  
They also encouraged teachers to set clear and defined short and long-term aims which should 
be at an appropriate level of difficulty and provide appropriate feedback. The MSVC provides 
a structure for teachers to do all these things.  
 
Eccles and Wigfield (1995) discussed the importance of the value of tasks to influence student 
motivation. They identify the value as made up of 4 elements – how important is the task to 
their self perception, what intrinsic interest does it have, does it have extrinsic utility value in 
terms of career preparation and fourthly is the cost in terms of effort appropriate. It could be 
argued that the MSVC offers the intrinsic interest as discussed above, is important in effecting 
students’ self perception by being able to make a complex product which works, especially 
important if they envisage a career as a scientist or engineer. The Challenge also requires a 
level of effort which they are prepared to put in but also provides the extrinsic utility value of 
addressing the serious world problem of energy for transport in at least a minor way. 
Organization and structure of the Model Solar Vehicle Challenge 
  
Each state and the Northern Territory have separate state events with independent 
organizations. Each event coordinator is also a member of the national coordinating 
committee which generates the regulations for each year. There are rule changes each year, so 
as to ensure that the cars are entered by the students who developed them.  
 
Cars up to 650mm long, 320mm wide and 180mm high use solar panels of 5 to 10 watt output 
from silicon cells to provide all motive power.  No batteries are allowed, and the solar panels 
are ballasted to a fixed power to weight ratio. They carry an egg as driver, to emphasize the 
need for robust construction, as the egg is not allowed to crack in an accident. The 
competition is held as a series of match races between pairs of cars on a figure “8” shaped 
track. Despite cloud reducing the normal solar intensity from 1,000w/m2, the best cars are still 
able to complete the course under solar intensity greater than 100w//m2. In these conditions 
the winner is the car which gets to the hill first. In recent years, the finals have been held over 
2 laps and the vehicle is brought to rest by collision with a styrene foam block weighing 
250gm, again introducing a safety element. Both car and boat races start with a “round robin” 
competition which gives each entry 3 races whether they win or lose. The results from these 
rounds are used to subsequently seed the next round after which only the winners continue. 
The Victorian event has attracted 65 to 100 cars for the last 4 years and 140 to 200 boats.  
 
The Challenge addresses goals which exceed the technical and scientific by requiring each 
team to develop a poster on the development of their car or boat. At some schools English or 
Art teachers participate in the project, offering advice as to how to construct a visually 
appealing poster which conveys information in an interesting and readable way – a condensed 
version of documentation as required by professional engineers. 
 
Outcomes of the Model Solar Vehicle Challenge 
 
The outcomes of the Challenge will be discussed in terms of meeting the objectives of student 
motivation and learning and the effect on their long term subject choice or career planning. 
 
Results of surveys  
Students have responded to surveys on their motivation, learning and the influence of the 
Challenge on their subject and career preferences. The motivators were discussed in more 
detail by Wellington and Stead (2002), but the major motivators are shown in table 1. The 
terms Motivated M and Motivated F refer to students who are rated as motivated as a result of 
undertaking the project as an extra curricular activity. It is apparent that boys are more car 
oriented and more motivated by the Challenge but there is similar motivation for both sexes to 
build something which works. Girls are more motivated by team work and environmental 
interest. Anecdotal evidence indicates that girls are more prepared to negotiate a design 
choice or organizational conflict, while boys who fail to sway their mates, will go off and 
form another team or do the project on their own. Surprisingly, neither the enthusiasm of 
teachers or their peers seemed to be as significant as task motivation for either sex.  However, 
in a separate question asking whether they enjoyed being a part of a team, the mean response 
was 4.13 on a 5 point scale, with girls somewhat higher than boys, but not at a significant 
level. There was no significant difference in attitudes between students who were members of 
groups of 2 and groups of 6. 
 
 
Table 1- Summary of Motivation 98-05 Victorian Model Solar Challenge (VMSC). 
 
Question Average on 5 point scale 
Enthusiasm to: Overall 
total 
Male Motivated  
Male 
Female Motivated  
female 
Design a vehicle 4.03 4.16 4.17 3.81** 3.96 
Build working model 4.23 4.22 4.24 4.23 4.37* 
Work as part of a team 3.64 3.58 3.59 3.72 3.79 
Be creative 3.82 3.78 3.78 3.87 3.98* 
Help clean  environment 3.04 2.89 2.88 3.25** 3.29** 
Develop organizational skills 3.25 3.31 3.34 3.16 3.25 
Accept a real challenge 4.00 4.06 4.14* 3.91 4.02 
Enthusiasm of the Teacher 3.24 3.21 3.21 3.30 3.15 
Enthusiasm of Friends 3.16 3.15 3.16 3.18 3.18 
*  indicates a statistically significant result on a 2 tail t test at the 0.1  and ** at the 0.05 levels 
 
Student Learning 
A major goal of the event organisers is to develop student interest and learning in alternative 
energy and engineering. Table 2 indicates the extent of learning students feel they have made. 
However, this is a very subjective measure and so team interviews were implemented at the 
Victorian competition in 1998 and at the national level in 2003. 
 
Table 2- Student perceptions of topics learnt  
 
Item ‘01 ‘02 ‘03 ‘04 ‘05 
Solar cells 2.6 2.6 3.2 3.5 3.9 
ElectricMotors 3 2.7 3.3 3.3 3.7 
Gears 3.1 2.6 3.6 3.6 3.4 
Aerodynamics 3.2 2.8 3.5 3.4 3.6 
Bearings 3.1 2.8 3.5 3.6 3.5 
Efficient design 3.5 3.9 3.8 3.7 4.0 
Stable design 3.9 3.1 3.5 4.0 3.6 
Making things 3.9 3.3 4.0 3.8 4.0 
Organising self 3.4 3.1 3.7 3.1 3.3 
Organising others 3.2 2.5 3.5 3.1 3.2 
Planning 3.6 3.1 3.8 3.6 3.4 
 
It is apparent that recent students feel that they have learnt more about the technology, but not 
about organization or project management. The responses at the interviews have shown 
marked improvement in knowledge on gearing, aerodynamics, and design for efficiency and 
stability, with understanding of solar cells improving but only the best teams have much 
understanding of electric motors. Too many teams still have poor understanding of series and 
parallel wiring but some now use electronic maximisers, with the best understanding how 
they work. However, even modest understanding provides background knowledge on which 
they can subsequently build .  
 
When asked at the 2005 event how to modify cars for cloudy weather, most teams suggested 
changing gears, a few would change to high current, lower voltage circuits, some referred to 
electronic controllers and others suggested smaller wheels. The knowledge of many quite 
young students is certainly greater than some first year university students with no such 
practical background.  
 
Influence on Student Decision Making 
Victorian participants have been surveyed to evaluate the extent to which the Challenge has 
influenced their decisions to continue with studying higher level science or engineering. Table 
3 cites data collected between 1999 and 2005 and indicates the students in each class group. 
 





in brackets)  
Total with career 
plans (f in brackets) 
Total with science,  engineering 
or related (f in brackets) 
4 to 6 38 (8) 13 (0) 9 (0) 
7 38 (7) 4 (1) 2 (1) 
8 41(7) 5(1) 4(1) 
9 94(44) 23(8) 11(3) 
10 69(30) 25(13) 14(4) 
11 28(8) 12(5) 11(4) 
12 9(2) 0 0 
 
These results indicate that almost a third of primary students have some career plans, with 
over 25% of year 9 students, 35% in year 10 and over 40% in year 11 having clear ideas. It 
was surprising that none of the year 12 participants had clear plans. However, most highly 
focused competitors in earlier years concentrate on the VCE in year 12 rather than the MSVC. 
 




Plan to continue with 
science 
Future subject choice 
influenced by MSVC 
Career choice  
influenced by MSVC 
4 to 6 Not relevant 25/36 13/33 
7 38/38 13/33 6/32 
8 39/41 25/39 11/41 
9 84/94 30/91 11/89 
10 56/69 18/66 12/63 
11 25/28 6/23 7/22 
12 5/7  2/7 
 
The figures in table 4 imply that the event does have a significant effect from senior primary 
school right through to senior levels of high school on subsequent subject selection.  
 
Implications for First Year University 
 
The students competing in the MSVC have certainly experienced real engineering and a 
number have continued to study engineering at university level. Accordingly, Monash 
introduced a similar project in 2001 and in 2002, fifty two first year students responded to a 
survey.  The average responses on a 5 point scale indicated construction (4.7) was the most 
motivating aspect, followed by seeing the car go (4.4), concept and detail design (4.0, 3.9 
respectively), with 35 students stating that the project made the theory more or much more 
meaningful (with 10 neutral and only 7 disagreeing).  
 
Astin (1975) flagged that 32% of dropouts indicated their reason was boredom with their 
course. Several teachers and students involved in the MSVC indicate that some very bright 
students who have enrolled in engineering have been bored by first year, some dropping out 
with others disappointed by having already addressed more challenging problems in the 
MSVC. After 6 years in the VMSVC, Perry (2006) said his first year engineering course “was 




There is evidence that engineering challenges can motivate students over a wide age range, 
can enable them to learn often at levels beyond expectation and can attract numbers of them 
to study for engineering degrees. However, the challenge which so motivated them at school 
is often missing in first year university and unless more faculties follow the lead of Aalborg, 
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